
. ft 






SYNC 



1A 

FIG. %h 






Q 

* 
N 

0? 

rii 
q 

rii 
q 



LL 





CU WAITS FOR 

predeternPed 

interval from 

START OF EACH 
FRAME AND THEN 
SENDS TRIGGER 
SIGNAL BARKER 
CODE TO RU'S 
DURING GAP 



I 



480 



GENERAL RANGING PROCESS 

FIG. 



\S3 



EACH RU TRYING TO 
SYNCHRONIZE RECEIVES 
BARKER CODE, SETS 
RECEIVE FRAME TIMING 
AND 1ST DELAY AND 
TRANSMITS SAME BARKER 
CODE TOWARD CU 



£ 



CU MONITORS GAP FOR 
ACTIVITY BY PERFORMING 
CORRELATION BETWEEN 
ANY RECEIVED SIGNALS 
AND BARKER CODE 



I 



PEAK i <?, 
FOUND 



CU B'CASTS A MESSAGE 
INDICATING IT FOUND 
ACTIVITY IN THE GAP 



I 



IN RESPONSE, EACH RU 
TRYING TO SYNCHRONIZE 
SENDS ITS UNIQUE 
SIGNATURE TOWARD 
THECU 



TO FIG. 



NO 
PEAK 



^186 



CU B'CASTS A 
MESSAGE TO ALL 
RU'S TELLING 
THEM TO ADJUST 
THEIR DELAYS AND 
TRY AGAIN 



I 



188 



EACH RU TRYING TO 
SYNCHRONIZE 
INCREMENTS ITS 
DELAY AND 
RETRANSMITS THE 
BARKER CODE 



CU MONITORS G/SFbURING 
PLURALITY OF SIGNATURE 
SEQUENCE FRAMES IN THE 
AUTHENTICATION INTERVAL 
AND PERFORMS CORRELATIONS 
DURING EACH GAP. 




CU COUNTS THE NUMBER 
OF GAPS IN AUTHENTICATION 
INTERVAL THAT HAVE ACTIVITY 
AND COMPARES THAT NUMBER 
TO THE TOTAL NUMBER OF 
FRAMES IN THE AUTHENTICATION 
INTERVAL TO DETERMINE IF 
THE 50% ACTIVITY LEVEL LIMIT 
HAS BEEN EXCEEDED. 



50% ACTIVITY 
DETECTED 



m 



CU IDENTIFIES RU FROM 
SIGNATURE AND BROADCASTS 
IDENTITY SO DETERMINED. 



;200 

RU WITH IDENTITY BROADCAST 
BY CU RECOGNIZES ITS IDENTITY 
IN BROADCAST AND ENTERS 
FINE TUNING MODE. 




-202 



CU INSTRUCTS RU ON HOW 
TO ADJUST ITS DELAY IN 
ORDER TO CENTER THE 

CORRELATION PEAK IN THE 
MIDDLE OF THE GAP/GUARDBAND. 



fig. "a 



GREATER THAN 
50% ACTIVITY 




CU BROADCASTS MESSAGE 
TO ALL RU'S INSTRUCTING 
ALL RU'S ATTEMPTING 
SYNCHRONIZATION 
TO EXECUTE THEIR 
COLLISION RESOLUTION 
PROTOCOLS. 




EACH RU ATTEMPTING 
TO SYNCHRONIZE 
EXECUTES A RANDOM 
DECISION WHETHER TO 
CONTINUE ATTEMPTING 
TO SYNCHRONIZE OR 
TO STOP, WITH A 50% 
PROBABILITY OF 
EITHER OUTCOME. 




RU'S THAT HAVE 
DECIDED TO CONTINUE 
RETRANSMIT THEIR 
SIGNATURE WITH THE 
SAME TIMING AS WAS 
USED ON THE LAST 
ITERATION 



TO FIG. 



NO 

ACTIVITY 



212 



CU BROADCASTS A 
MESSAGE INSTRUCTING 
ALL RU'S TO GO BACK 
TO PREVIOUS STAGE 
AND RE-EXECUTE THEIR 
DECISIONS TO CONTINUE 
OR DISCONTINUE 
RANGING PROCESS 



214 



RU'S RE-EXECUTE 
DECISION TO CONTINUE 
OR STOP AND RETRANSMIT 
THEIR SIGNATURES WITH 
SAME DELAY TIMING 
USED ON PREVIOUS 
ITERATION 



210 



CU MONITOR GAPS 
OF AUTHENTICATION 
INTERVAL FOR ACTIVITY 



ONLY ONE 
RU IN GAP 



AUTHENTICATE 
AND FINE TUNE 



MORE 
THAN 
ONE 
RU 
IN 
GAP 



222 



TO BLOCK 
204 



t: 



220 



NO 



MORE THAN 10 
ATTEMPTS? 



YES 



RETURN TO 
BLOCK 1 80 



216 



218 



FIG. 



5^ 





CU CONCLUDES THAT 
ITS DELAY VECTOR 
NEEDS TO BE ALTERED 
AND ALTERS DELAY 
VECTOR 



| ^242 

RU'S MEASURE DEVIATION 
OF NEW RECEIVE FRAME 
TIMING REFERENCE 
FROM OLD RECEIVE FRAME 
TIMING REFERENCE 



EACH RU ALTERS ITS 
DELAY VECTOR BY 
CHANGE IN RECEIVE FRAME 
TIMING REFERENCE 
AND INITIATES RANGING 
PROCESS 



FIG.$ 

DEAD RECKONING RE-SYNC 



CONCLUDES IT 

MUST ALTER ITS 
DELAY VECTOR TO 
ALLOW THE FARTHEST 
RU'S TO SYNCHRONIZE 
TO THE SAME FRAME 
AS THE NEAREST RU'S 
AND BROADCASTS A 
MESSAGE TO ALL RU'S 
INDICATING WHEN AND 
BY HOW MUCH IT WILL 
ALTER ITS DELAY 
VECTOR 

EACH RU RECEIVES 
BROADCAST AND 
ALTERS ITS DELAY 
VECTOR BY AMOUNT 
INSTRUCTED AT TIME 
CU ALTERS ITS DELAY 
VECTOR 



| ^-250 

EACH RU REINITIATES 

SYNCHRONIZATION 

PROCESS 



7 

FIG.0 

PRECURSOR EMBODIMENT 



(0 



[j J ' J i f ' ' (~ r I ||T7i| j i P r ~ o r . rv 



1 , 


ft) 












U- 



i sv 





^-299 
372 



f 



CLK RST 

BIT COUNTER 
CE 




T 



377 



CLK RST 
BYTE COUNTER 
CE 



302-^LbYTE 
T pi nr. 



376^ 



CLK RST 
FRM COUNTER 
CE 



BIT TIME DIVISION ' CL0CK 



CLOCK MULTIPLEXED /*M>1 
DATA STREAM 



1 



BIT 

CLOCK 



377 



316 




DATA IN 

SERIAL IN 
PARALLEL OUT 
SHIFT REGISTER 

CLK 



BYTE 
CLOCK 



314 



299' 



A 




0 



CHIP 



CLK REGISTER I 




PAGE 

POINTER I 366 ^ 
RESET tj S 




300 



CLOCK 
348 



WRITE POINTER^ 



°JzUA READ POINTER \ ~l 

V] 4 V 324 

RESETvT 



0 



PAGE nM 
POINTER |~ 323 




WR DATA 
DR RAM CTL 
RD DATA 




RD/WR 




TIME BASE 
GENERATOR 

(PLL) 

C 




mm. \ — 
osc I 



351 




TRIBIT 
SELECT 



TOFEC 
ENCODER 
OR CDMA 
MUX/BUFFER 



fig. yt 



T1 




BIT CLK (16/7FS) 



BYTE CLK (2/7 Fs) 
T3 1 | 1 I L_ 

-< ► 

Ts 



16xFs 

ts iiijijim^^ 




FIG. Y$ 




^371 

3.584 MhzrTTl— — 




FIG. .1* 



Y 

4 



o 




TIME 
0 

MEM PAGE 
340 -O FULL 



AFTER 
SYMBOL 
1 SENT 

[Z/U 



^RlBOL 

2 SENT 



r ^ 

[3361-000 I 
~3BITS \ 




332 
9 

BITS 

FIG. 



17 




OK 



CHIP 
CLOCK 



F SYNC 



L 



322 




RECEIVE FRAME | (WRITE POINTER) 
COUNTER 



TRANSMIT 
FRAME TIMING 
REFERENCE 
DELAY 




MODULO ADDITION 

326 
324 



TRANSMIT FRAME I , READ POINTER) 
COUNTER 



FIG. 




-308 




PAGE 1 
MEMORY 300 




FALLBACK 1 st/2nd 
PREFERRED TRELLIS ENCODER 

FIG.>t£ 



MAPPING FOR FALL-BACK MODE - 




1 

1 
1 

_mo4 — 
i 


1/ ) 


: ! 

1 

+3 bid 
— f — 

+2 1 


I 
I 
I 

_ 11000 

T 
I 


l 

_P_Lioi 

I 

10! 


001 J| _po 

-4-< 


" | 

+± jppjo 

T 
, ool 


4.111!— 
I 

_2H_ ► 


-3 1 -2 
JlPli 

1 

1- 


999% J 1 


■ 

I 

-2 | 


f2 1+3 

^oipp_ _ _ 

1 

1 


joioi_- 
1 

1 

1 

• 


• 


-3_illl 0 - 

I 

I 


JlOII 

1 
1 

• 



nnp p INPHA 5F QUADRATURE 
nnnn 1 ) 1 111 



0001 



0010 



0011 



0100 



0101 



0110 
0111 



1000 



1001 



1010 



403 



1011 



" ntoo 



1101 



1110 



1111 



001 



001 



ill 



011 



001 



111 



011 



101 



101 



011 



111 



001 



011 



111 



001 



001 



111 



011 



001 



101 



011 



011 



101 



101 

oiTT 



111 

101 



001 



FIG. 




kAii 



=_Lti 



■ 3-I 

= 1 + 3*1 



--3 + 1 

= -1-3*1 
=+3 + 3*j 



■ -3 + 3*j 

= -3 - 3* 



= 3-3* 
= -1+3* 



= -3-j 



= 1-3*1 
= 3 + ) 



INFORMATION 
VECTO [B] 

FOR EACH 
SYMBOL 



ORTHOQ^fAL 

CODE MATRIX 



483 
481 



0110 

1111 
1101 
0100 



1,1 
; 2,1 



C 1,2 °1,144 
C 2,2 C 2,144 



FIG.38A 




REAL 
PART OF 
INFO 
VECTOR 
[b] FOR 
FIRST 
SYMBOL 



405 



f 



407 



REAL 
PART OF 
RESULT 
VECTOR 

r- -r+s 



+3 




1 1 1 


1 




4 


-1 




-1-1 1 


1 




0 


-1 


• 


-1 1-1 


1 




0 


+3 




-1 1 1 

— 


-1 




-8 



409 



["real] x [code matrix] =[r real ] = 



■CHIPS OUT" 
ARRAY-REAL 



10 ^ 

FIG. 23f3 



€ 

N 

m 
« 

rij 
o 

H 

H 

m 

Q 

M 



o 



'"Pi • I + I CO 



i.- r icoi.Jai 

4- I "pi t I -f 
|COl -I « 



Z o 



CO 



CO 



I CO 



o 



I I '"pi x I I I 

col .+ I co, , 




,_ ,o o o 

!<-' I O) 1 CO Id) 



CD 



o I ° 



a 



UJ 
C/) 

< 

X 
CL 



</) o 
CO >» 

CO T 

_1 >» 



I 

CO 



o 
o 



CO 

+ 



o 

O) 



+ 

CO 



o 

CO 



CO 

r 



o 



O 

z 
< 

UJ 
Q 

o 

o 
< 

3 CD 

CO 



CO 
CO 



^-411 



409^ 




I 



SLIC 



ER 



ERROR 
519 



527 



ERROR 
COMPUTE 



531' 



1 



rE 

525' 



LOW PASS 
FILTER 

7~~ 




425 



VOLTAGE 
CONTROLLED 
OSC 



523 



MASTER CLOCK 
RECOVERY 



LOCAL OSC FREQ. 



51 3A 



TIMESLOT 

NUMBER 

ENABLE 



L 



460 



DEMOD 



515 



427 



2l 



515 



EMBODIMENT 1 
CARRIER RECOVERY 



TS #0 
SLICER 



TS#0 

SLICER ERROR 
519 



521 



463 



1 



ERROR 
COMPUTE 
CIRCUIT 



531 




L 



523 



LOW PASS 
FILTER 



L 



425 



VCXO 



COS 



EMBODIMENT 2 CARRIER RECOVERY 

fig. m 

l5o 



I 

| COS 

T 



L 



427 



COS 

TO 

DEMOD 460. 
&MOD410 




r 



468 



DECODER 



L 



470 



DEFRAMER 



OUTPUT 
DATA 



TO XMTR 
MODULATOR 



427 



Syro tH r? o ^» "^A "77 o<sv 




/5*>o 



f 




r 




vL C: 

pf^fSA to ($u k A>^tA 1^ 



C ^ s>c-u=*vs PHASE. A^i> ftWL* 



"7 AO S 



f fty uo»M> F^-o^l 
. i f P^a. Looks 



port. A rt.0Trt t/<W*i~ 



5ib 



PH* S e «F ^sts/z clock 



So 



hah 



a 




DEMODULATOR 



465 



461 



^-460 
~ I 

469^^ Q| 
427 

COS/ I 
FILTER I 




477 



479 



1A 




< o 

CD f— 




5£ 10 <£ 
vow 10 

-~to in u> 




o o 



UJ 




wOO o 
CO CM «* 

ioioq in 
ill 

^ "J 

O I 7 4 III 

=J < O X 
(LQOU 




O) 





962 



GAP ACQUISITION TIMING 

I Actual I end of 

if GAP POSITION t FRAME 




T1 T2T3T4T5 



NEW GAP_a 



FIG. 32 35 




1034 



I 


J 1044 










000 


••• 01 


100 ... 


000 


A 


000 


••• 000 


110 ••• 


000 


B 


000 


••• 011 


000 


000 


C 



q 
m 

m 
m 




500 



\ 



SHUFFLER 



CODE 1 
CODE 2 



504 

r 



3y 

FIG. 27 



532 



READ 
POINTER 




601^ 



TIMESLOT 

SCANNING 

COUNTER 

<C% 



603 



L 



611 



SYMBOL 


w 

I i 


rni imt 
UUUN ! 




DECODER 


SYS-\J 



615 



3 



SYMBOL 

COUNTER 

0-143 



ADR 



CHANNEL 
ACTIVITY 
TABLE RAM 



607 



603 

j- 605 
DATA PRESET 



CHIP 
CLOCK 



FIG.^8B 



\s 



617 



> TIMESLOT ACTIVITY 
COUNTER 
0-143 



533 



1 



609 



WRITE 
POINTER 



DATA 



607 



PRESET 



^603 


f 


SYS J 

CLOCK 


> TIMESLOT ACTIVITY 
COUNTER 0-143 





607 




3 



ADR 



PSEUDORANDOM 
SHUFFLE TABLE 



WRITE 
POINTER 



^V^619 



533 



603 

CHIP. 
CLOCK 



^ L 



720 



COUNTER 



740 



728 



TIMESLOT 

STATUS 

DATA 

FROM 

CU 



EVENT 
QUEUE 



7 



744 

FIG. 2BD 




Iadi 



722 
ADR 




730 



732 



SEED 

± 



COUNTER / RANDOM 
NUMBER / GENERATOR 



746 



TIMESLOT 
STATUS 
TABLE 

DATA V 
^724 



CONTROL 

— T" 



718 



734 
726 T 



CODE 
STATUS 
TABLE 



"^738 



"►S-T 

742^ 533' 



CODE 
STATUS 
FILL 
736 DATA 




FIG. jrf 





✓ <; 600 

(ready to begin rangwg yj> 




604 



n 



SEND RANGING PULSE 



610 



MOVE RANGING 
PULSE + 8 CHIPS 
X 



iirr« 




612 



BEGIN CONTENTION 
RESOLUTION 



L 



616 



PULSE NOT IN 
GAP 



614 



CONTENTION RESOLUTION 



608 



BEGIN 
AUTHENTICATION 



RU RANGING 

FIG. 29 



u< 



608 




f BEGIN AUTHENTI CATION S* 
v ± -^^620 



STATE = SINGLE 



SEND COURSE ALIGNMENT 
DATA TO RU TO CENTER 
RANGING PULSE 
[ CENTER PULSE OF GAP = 8 



LOOK FOR EDGE PULSE IN 
GAP [1st IN CHIP O.NEXT 
LOOP IN CHIP 7 ] 



r 



624 



STATE = COLLISION 



RETURN TO 
CONTENTION RESOLUTION 



622 

LOCATION 

COUNT > iypULSE\ ERROR 
COUNT 

LOCATION. 1K1 . 

ok? /com 

= 0 



NO 



626 



RETRIES 
EXCEED 
MAX# 



YES 



YES 



628 



630 



si: 



632 



RCV'D XNO 
r ALL PULSES 
.NEEDED 

YES 



STATE = EMPTY 



RETURN TO 
RANGING STEP 600 



STATE = AUTH 
[IMPLICIT REQUEST FOR AUIDj] 




LOOK FOR ONE PULSE IN EACH GAP 
[ONE SF, PULSE POSITION BECOMES NO. 0-7 



COUNT > 4 



646 



STATE - COLLISION 



RETURN TO 
CONTENTION 
RESOLUTION 




COUNT < 4 



YES f 63 6 



STATE = FAE 



SEND RECEIVED 
AUID TO Ru: 




STATE = EMPTY 



RETURN TO 
RANGING 



I 



63 8 , 

(DONE AUTHENTICATION"*) 



CU SIDE AUTHENTICATION 
WITH EDGE PULSES 

FIG. 36^ 




^B ^N RANGING J 



MONITOR GAPS FOR SIGNALS 



656 



SEND "E" 
IS STACK > 0, STACK = STACK - 1 



654 



652 



NO 




EMPTY 



YES 



662 



SEND "C" 
IF STACK < MAX, STACK = STACK + 1 



CONTENTION 






NO SINGLE 



SEND "S" 
"BEGIN AUTHENTICATION 



666 



RESET 



SEND "RESET" SIGNAL 



J 



FIG. 3f ^ 

l\1 



698 



»C M * CONTENTION 
DETECTED 



11 G w — 

CONTENTION 
DETECTION 




^716 

1! f . 

RESTART RANGING 
[ MOVE RANGING 
PULSE = 8 CHIPS] 



CONTENTION RESOLUTION - RU 
USING BINARY STACK 



FIG. 38 

MJ4 




(begin ranging J 




L 



WAIT 




672 

NO / CNTL 
< i CCHAN RANGING 

OK? 

670 ' ~ 



676 



680 



-► I SEND RANGING PULSE 



"E" = RANGING 
PERMISSION 



678 



MOVE RANGING 
PULSE + 8 CHIPS 



WITCH ON 
CNTL CHAN 
SIGNAL 



"S" = AUTHENTICATION 
COMMAND 



"C" = CONTENTION 
DETECTED 



"E" = NO PULSE 
RECEIVED 



BEGIN CONTENTION 
RESOLUTION 



684 



OTHER 
SIGNAL 




I SEND RANGING PULSE 



r 



694 



PULSE NOT IN 
GAP. MOVE 
RANGING 
PULSE AND 
TRY AGAIN 




CNTL CHAN 
SIGNAL 
TYPE 

NO PULSE^ 
RECEIVED 



CONTENTION 
DETECTED 



RANGING - RU SIDE 
BINARY TREE 
ALGORITHM 

FIG. 32- 



AUTHENTICATION 
COMMAND 



L 



682 



BEGIN 

AUTHENTICATION 




INTERVAL 
1344"\ 1 1324 




|SLCRl ^1320 
^ — —I i-1322 



KF ACTIVATION 
1326 H330 



ERR_THR 



SYM CK 




1332 



SYM_CK 
CLOCK 
PER 

SYMBOL 
1346 



ERR FLAG AMBIGUITY 



FRAME DETECTOR 
FRAME SYNC/KILOFRAME DETECT 

FIG. 52 



ERR<THR2 



FLIP AMBIGUITY 
SIGNAL 
1356 




1366 

ERR>THR2 



ERR >THR2 
1364 



START 



1360 



ERR<THR2 



STATE MACHINE 

FIG. £3 



MJALIZATION 

traUng ALGORITHM 



RU PICKS CODE #4 OF FIRST 8 ORTHOGONAL 
CODES AND TRANSMITS ANY BINARY DATA 
USING CODE 4 TO SPREAD AND USING BPSK 
MODULATION. 



I 



( |ol 



CU CORRELATES RECEIVED SIGNAL AGAINST 
EACH OF FIRST 8 ORTHOGONAL CODES 




1102 



1106 



GO BACK 
TO FINE 
TUNING 
PROCESS 
FOR RANGING 
AND CENTER 
BARKER CODE 
FROM RU 



SFT GAIN OF RU XMTR AMPLIFIER TO 1 
AND SET GAIN OF CU RCVR G2 
AMPLIFIER TO AN APPROXIMATION 
OF PROPER GAIN FOR CODE 4 



I 



L 



1110 



ALLOW ADAPTIVE GAIN CONTROL CKT 
IN CU TO SETTLE IN ON A NEW 
GAIN LEVEL DURING TRAINING 
SEQUENCE 



I 



1112 



SEND CU GAIN SO DERIVED TO 
RU FOR SETTING GAIN OF RU 
TRANSMITTER SCALING AMPL. AND 
SET CU GAIN TO 1 



T 



TO FIG. 4m. 



FIG. 4§A 

S3* 




i 



CU SENDS MESSAGE TO RU TELLING 
IT TO SEND EQUALIZATION DATA TO 
CU USING ALL 8 OF THE FIRST 
8 ORTHOGONAL CYCLIC CODES 
AND BPSK MODULATION. 



I 



^1116 



RU SENDS SAME TRAINING DATA TO 
CU ON 8 DIFFERENT CHANNELS 
SPREAD BY EACH OF FIRST 8 
ORTHOGONAL CYCLIC CODES. 



I 



^-1118 



CU RECEIVER RECEIVES DATA, 

AND FFE 765, DFE 820 AND 

LMS 830 PERFORM ONE INTERATION 

OF TAP WEIGHT(COEFFICIENT) 

ADJUSTMENTS. 



I 



1120 



TAP WEIGHT (COEFFICIENT) 
ADJUSTMENTS CONTINUE 
UNTIL CONVERGENCE WHEN 
ERROR SIGNALS DROP OFF 
TO NEAR ZERO. 



I 



/-1122 



AFTER CONVERGENCE DURING 
TRAINING INTERVAL, CU SENDS 
FINAL FFE AND DFE COEFFICIENTS 
TORU. 



I 



1124 



RU SETS FINAL FFE & DFE 
COEFFICIENTS INTO PRECODE 
FFE/DFE FILTER IN 
TRANSMITTER. 



I 



^1126 



CU SETS COEFFICIENTS OF 
FFE 765 AND DFE 820 TO 
ONE FOR RECEPTION OF 
UPSTREAM PAYLOAD DATA. 



TO FIG. 45C 



FIG. 4§8 





FROM FIG. 45B 



z: 



1128 



CU SENDS EQUALIZATION TRAINING 
DATA TO RU SIMULTANEOUSLY ON 
8 CHANNELS SPREAD ON EACH 
CHANNEL BY ONE OF THE FIRST 
8 ORTHOGONAL CYCLIC CODES 
MODULATED BY BPSK. 



1 



(<- 1130 



RU RECEIVER RECEIVES EQUALIZATION 
TRAINING DATA IN MULTIPLE 
ITERATIONS AND USES LMS 830, 
FFE 765, DFE 820 AND DIFFERENCE 
CALCULATION CIRCUIT 832 TO 
CONVERGE ON PROPER FFE AND 
DFE TAP WEIGHT COEFFICIENTS. 



1132 



AFTER CONVERGENCE, CPU READS 
FINAL TAP WEIGHT COEFFICIENTS 
FOR FFE 765 AND DFE 820 AND 
LOADS THESE TAP WEIGHT 
COEFFICIENTS INTO FFE/DFE 
CIRCUIT 764; CPU SETS FFE 765 
AND DFE 820 COEFFICIENTS TO 
INITIALIZATION VALUES. 



FIG. 




CM 

to 

CM 



-J 
< 

cc 

PI 

>- P CC 
< < U J 
Q. Q Q- 




Q 
< 

o 



o 
in 

CM 



cc 




ID 








< 




CC 




U- 




Hi 






Q 









f 



CO 
0) 
CM 



O 
O 
CO 









o 










<* 


Q 




O 












EC 
LU 

CO 

z 
< 
tr 

IS 

111 

SIX 

EC 
Q- 
U) 

DC 
LU 




# 




OFFSET 



(Chips) 
0 

1/2 



-1 



IB ASIC 

RGSRH RGSRL 

foxOOOO I I 0x8000 



0x0000 



OxCOOO 



0x0000 



0x4000 



0x0001] [ OxOOOQ 




2A ASIC 

RGSRH RGSRL 



0x0001 



0x0000 



0x0002 



0x0000 



|_0x0001 I I 0x8000 



0x8000 



Training Algorithm 



SE Function 




Initial 2-Step Training Algorithm 



Load default Value(4000H) toSECFF(3) 



Enable Main Tap updating for Ki Frames 
SEKR=866(US) t 666(DS) 



\5oV 



Main Tap Training 



Enable All FF & FB taps Updating 
SEKR=888(US), 666(DS) 



I 



Updating K2 Frames 



All Taps Training 




No 



5 it- 



Normalize Symbol Equalizer Coeff 
SEnonn = SE/SECFF<3) 



counter = = counter +1 



Convolution: CEnew=CEoId*SEnorm/2, 
iteration=iteration+ 1 , counter=0 





IS l H Yes 



Training Done, 
If Downstream 
Load SECFF(3) to RACM 



Yes 



Training failed 



Training Failed, Restart Synchronization 



f/&>, Go 



EQ Stability Check 



l9io 




~ " , k = 0 k S 




N0te: ™^ f/ = 7F00H ThrU.._,. = 10 -3 



1 3 




EQ Stable 



stable 



YtG>. & ( 



4 



Periodic 2-Step Training Algorithm 



Load old SECFF(3) Value to SECRF(3) 



Enable Main Tap updating forKl Frames 
SEKR=866(US), 666(DS) 



► + 



SECFF(3) = old SECFF(3) above 



Enable AH FF & FB taps Updating 
SEKR=888(US), 666(DS) 




Yes 


r 


Normalize Symbol Equalizer Coeff 

SEnorm=SE/SECFF(3) 




f 


Convolution: CEnew=CEold*SEnonn /2, 
iteration=iteration+ 1 , counter=0 








Main Tap Training 



All Taps Training 





Yes 




Yes 
= ► 


Training Done, 






f 




In DS, correct RACM 
if necessary(see below) 



Training failed 



Training Failed, Restart Synchronization 



Note: 

1 . For US, use PR instead of CE 

2. The parameters are: 





DS 


US 


KI 


30 


30 


K2 


20 


30 


N 


5 


3 


M 


3 


3 



RACM Correction 



No 



1 


| racm 
YPhasej 


r 


Load SECFF(3) to RACM 




X 2 2 
^ m P racm ~ ^ racm @racm 


} 














™<"*</„/ = ^c- • ^CF^8 3 - SECFFI, ■ Q racm 



IS31 





^1 



No correction for RACM 



Note: ThrU n = TBD 

amp 



phase 
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EQ Convergence Check 



1 


No ^-^7^^ 


EQ not Converged 



Yes 



Amp side = £ (sECFFI 2 k + SECFFQl)+ £ [sECFB? k + SECFBQfj 

k=0 k=0 






Am Pmain = 


SECFFI 2 3 + SECFFq] 






Am P S ide 
Am Pra,io - Amp 



e 




EQ Converged 



Note: Thrld nnv „ ot , = 1<T 5 

converge 





Power Alignment Flow Chart 



SEKR=Ox0855H 



I Goo 



Enable EQ main 
tap updating for 4x20 frames 



deltal =(SECFF(3) A 2 - lFFFH)/kl 




C 



r 



Power alignment done 



lb ( 



Update TXLVLR 






counter 


= counter +1 



I Gil 




Note: TH = 600H 
N =12 




(at Head-End) 



CU 
frame #n 

Tx 



frame #n 




DS 



US 



, lbs 



RU 

frame #n^. / & ^ Q 





I 

frame #n-offset 



Tx 



Total Turn Around (TTA) in frames = Offset 




:u Frame start: N N+1 N+2 N+3 Time [Frames] 



4 




CU Tx: N N+1 N+2 N+3 Time [Frames] 

CU Rx:N-3 N-2 N-l N 



Control message (downstream) and function (upstream) propagation in a 3 frames TTA channel 




( G . lo 




<^gp^S«K' Overall view of the CU sensing windows in a 

Ft&. 7/ 



"boundless ranging" algorithm 



CU SENDS MESSAGE TO RU TELLING 
IT TO SEND EQUALIZATION DATA TO 
CU USING ALL 0 OF THE FIRST 
0 ORTHOGONAL CYCLIC CODES 
AND BPSK MODULATION. 



I 



/-~1116 



RU SENDS SAME TRAINING DATA TO 
CU ON 0 DIFFERENT CHANNELS 
SPREAD BY EACH OF FIRST 8 
ORTHOGONAL CYCLIC CODES. 



I 



^1118 



CU RECEIVER RECEIVES DATA, 

AND FFE 765, DFE 820 AND 

LMS 830 PERFORM ONE INTERATION 

OF TAP WEIGHT(COEFFICIENT) 

ADJUSTMENTS. 



I 



jC 



1120 



TAP WEIGHT (COEFFICIENT) 
ADJUSTMENTS CONTINUE 
UNTIL CONVERGENCE WHEN 
ERROR SIGNALS DROP OFF 
TO NEAR ZERO. 




I 
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AFTER CONVERGENCE DURING 
TRAINING INTERVAL, CU SENDS 
FINAL FFE AND DFE COEFFICIENTS 
TORU. 



ca6FFIClEWB{}W*©(PRECODE 
FFE/DFE,FILTERjlFHk.o€PBciC^^ 

^RANSMlTTEFyS <W Ufl>^e»Qt)' 



I 



^1126 



»v CU SETS COEFFICIENTS OF 
FFE 765 AND DFE 820 TO 
Qttffef OR RECEPTION OF 
UPSTREAM PAYLOAD DATA. 




FIG. 4§8 



01 



V 



FROM FIG. 45B 



1 



1120 



CU SENDS EQUALIZATION TRAINING 
DATA TO RU SIMULTANEOUSLY ON 
8 CHANNELS SPREAD ON EACH 
CHANNEL BY ONE OF THE FIRST 
8 ORTHOGONAL CYCLIC CODES 
MODULATED BY BPSK. 



f~ 1130 



RU RECEIVER RECEIVES EQUALIZATION 
TRAINING DATA IN MULTIPLE 
ITERATIONS AND USES LMS 830, 
FFE 765, DFE 820 AND DIFFERENCE 
CALCULATION CIRCUIT 832 TO 
CONVERGE ON PROPER FFE AND 
DFE TAP WEIGHT COEFFICIENTS. 



I 



f~ 113 2 



^CFTER CONVERGENCE, CPU READS 
FINAL TAP WEIGHT COEFFICIENTS 
FOR FFE 765 AND DFE 820 AND 
LQADS-THBS E TA P WEI G H T 
C O E FFICIENTS INTO rFE / DFfr 
^ReWH^64; CPU SETS FFE 765 
AND DFE 820 COEFFICIENTS TO 
INITIALIZATION VALUES. 



FIG. 



5^ 




fue o*-T> "Fit-Tea- 

"TAP VoBl^-rS 
Op THE. FFe Aw) 
3>F€. fiLT6«.5 OP 
£ Ci/Lcuir ?&tf 
/\a>> ^o^-ps T/fe. 

O TAP iOC/^ r y 

/Air© 7>e 
Fit-*reri^ OF 



Initial 2-Step Training Algorithm 



Load default Value (4 000H) 



to SECFF(3) 



Enable Main Tap updating Tor Kl Frames 
SEKR=866(US), 666(DS) 



Tap Training 



Enable All FF <& FB taps Updating 
SEKR=888(US). G66(D5) 




Normalize Symbol Equalizer Coeff 
SEttonn s SE / SECFFQ) 



Convolution: CEnew=CEold*SEiH*m/2, 
itetatian=UeTation+ ( f co«nter=0 




Yes 



Training Done, 
If Downstream 
Load SECFF(3) to RACM 



Training foiled 



Training Failed, Restart Synchronization 



f /6> f Go 



